Abstract
Introduction
Gastroesophageal reflux disease (GERD) occurs when the stomach and duodenum content are regurgitated into esophagus, causing mucosal lesions and esophageal tissue changes [1] .
On the other hand, studies on physiopathological molecular process of esophagitis induced by biliary reflux have shown that BA activates gene transcription for enzyme cyclooxygenase 2 (COX-2) and prostaglandin E2 (PGE2) expression, confirming COX-2 expression and prostaglandins synthesis increase in dysplasia and esophageal cancer in rats, suggesting a possible mechanism of action [22] [23] [24] . Therefore, specific COX-2 inhibitors use, such as nimesulide as well as aspirin low doses have been effective as preventive of EB and ADC formation in DER experimental models [25, 26] .
For this reason, the search for effective and safe substances for the treatment of esophagitis by duodenum esophageal reflux (DER) is a current problem.
D-002, a mixture of six higher primary alcohols purified from the beeswax presents esophagus-protective effects through a multifactorial mechanism, without causing changes in the acid content of the gastric juice [27] [28] [29] [30] .
On the other hand, while D-002 showed an esophagus-protective effect in the chronic DER experimental model, it was ineffective in the gastro-duodenum-esophageal reflux (GDER) model [30] . Recently, D-002 efficacy on histopathological changes induced by DER esophagitis was demonstrated [31] .
Animal experiments were performed according to the Cuban Guidelines for Animals Handling and the Cuban Code of Good Laboratory Practices (GLP), based on the Guide for the Care and Use of Experimental Animals (CCAC, 1993) [32] . The animal's protocols studies used were approved prior by the Institutional Board.
Materials and Methods
Based on these results, this study was aimed to investigate whether combination therapy of D-002 + OMP could ameliorate experimental esophagitis induced by DER in rats.
Male Sprague Dawley rats (270-300 g) purchased from the National Centre for Laboratory Animals Production (CENPALAB, Havana, Cuba) were adapted for 7 days to the experimental conditions: temperature 25 ±2 o C, humidity 60 ± 5% and light/ dark cycles of 12 h. Rats fed rodent pellet food produced in CENPALAB. Standard chow pellets from CENPALAB and water were given ad libitum, except during the 24 h prior to GER induction when food deprivation was applied, but water was provided ad libitum.
Animals
Omeprazole (OMP) was purchased from NOVATEC Laboratories, (Havana, Cuba). The batch of D-002, supplied by factory of Natural Products (Havana, Cuba), had the following composition: tetracosanol (7.0%), hexacosanol (11.5%), octacosanol (12.1%), triacontanol (34.8%), dotriacontanol (22.5%) and tetratriacontanol (2.6%). Purity (total content of these alcohols) was 90.0%. Administration and dosage DER was surgically induced according to the method of Hashimoto 2012 [23] . Solid foods were not allowed for 24 h before and 24 h after surgery. The esophagus-duodenum anastomosis was performed under general anesthesia (thiopental 30 mg/kg body weight) through an upper midline incision. The gastro esophageal junction was ligated and the distal esophagus was transected 2 mm above the ligature. Moreover, the gastro duodenal junction was ligated and the proximal duodenum was transected 3 mm distal to the pylorus. A total gastrectomy was performed and end-to-end anastomosis of the esophagus and duodenum was made. The abdominal incision was closed in two layers. Rats were euthanized under halothane atmosphere on day 14 after operation. The esophagus was removed, incised lengthwise and then the macroscopic esophageal lesions were quantified.
Chemicals and test substance

DER-induced esophagitis
The ELI was quantified by two independent blinded observers. ELI was estimated as the total area of damage observed under a magnifying glass with magnification 3x and expressed in mm 2 [33] .
Esophageal lesions index (ELI) determination
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Histological Score (HS) determination
The HS was determined by the presence of Edema, inflammatory infiltrate, epithelial thickening; on capillary growth and necrotic areas. The following score system was used for evaluation: unchanged (0); Discrete presence of changes (1); moderate (2) and severe changes (3) [33] .
Biochemical analysis
The esophagus tissue was previously homogenized as follow. The excised esophageal tissue was transferred to ice-cooled test tubes and homogenized in 150 mmol/L Tris-HCl buffer (pH= 7.4) containing 0.25 mol/L sucrose-EDTA (1 g tissue/ 9 mL buffer) by Ultra-Turrax homogenizer T25 (Germany). The homogenates were centrifuged at 5000 g for 10 min at 4 o C, and the supernatants stored at -80 o C until analysis. All the assays were performed in triplicate in an Ultrospec Plus LKB spectrophotometer (Pharmacia LkB Biotechnology; Uppsala, Sweden). Protein concentrations were measured by a modification of the Lowry method [34] .
Tissue preparation MDA is reactive marker of membrane damage and forms a color complex with thiobarbituric acid (TBA) which can be measured spectrophotometrically. Herein, we measured the content of MDA using the method of TBARS assay [35] . In esophageal homogenates, thiobarbituric acid reactive species (TBARS) was measured. Firstly, homogenate aliquots (1 mL) were added to a mixture containing 0.2 mL 8.1% SDS plus 1.5 mL 20% acetic acid solution adjusted to pH = 3.5, 1.5 mL of thiobarbituric acid solution, and 1 mmol/L butylated hydroxytoluene, heated at 95 o C for 45 min and cooled. One milliliter of distilled water plus 5 mL n-butanol: pyridine (15:1 v/v) mixture was added to the mixture, shaken and centrifuged. The organic layer was used for TBARS determination at 535 nm using freshly diluted MDA bis (dimethyl acetal) as a standard. TBARS concentrations were expressed as nmol MDA/mg protein.
Malondialdehyde (MDA) level (lipid peroxidation marker)
Data were expressed as the mean ± SE. Paired comparisons between control and treated groups were done with the non-parametric Mann-Whitney U-test. The level of statistical significance was set at p= 0.05. The analyses were carried out by using the Statistic software for Windows (Release 4.2, Stat Soft, Inc USA). The results of esophagitis changes compared fisher test were used.
Statistical analysis
Results Table 1 shows the effects of D-002, OMP and combination therapy orally administered during 14 days on ELI and histological score in esophageal tissue of rats with DER. As observed, the positive control group animals showed a significant increase of the ILE and the histological score with respect to negative control group, not subjected to DER. In addition, the monotherapies D-002 (200 mg/kg) and OMP (20 mg/kg) markedly and significantly decreased (61 and 81% inhibition, respectively) the histological score compared to the positive control group. On the other hand, the combined therapy (D-002 and OMP) markedly and significantly reduced the histological score with respect to the positive control, reaching 96%
Volume 1 | Issue 1 ScholArena | www.scholarena.com inhibition, an effect superior to that achieved with each monotherapy. Table 2 shows the result of the effects of D-002, OMP and combination therapy on MDA concentrations in rat's esophageal tissue with DER. The DER induction produced a significant increase of MDA content in the esophageal tissue of the positive control group animals with respect to negative control group. The effect obtained on the increase of MDA levels with each of the monotherapies (D-002 and OMP) was marked and significant, reaching a percentage of inhibition of 69.8 and 75.2%, respectively, although the combination therapy did not produce an additional effect on this variable. 
Discussion
Oral administration with the combination of D-002 + OMP (200 mg/kg and 20 mg/kg, respectively) during 14 days after DER induction, markedly and significantly inhibited the ELI, although it did not reach significant differences with respect to monotherapies. However, the effect achieved with the combined therapy on the histological score was significantly higher than that achieved with each of the monotherapies.
This apparent contradiction could be explained by the differences in the macroscopic and microscopic variables measured. Thus, ELI constitutes a measure of the superficial extent of the damaged area while the histological score was established based on the edema severity, inflammatory infiltrate, epithelial thickening, capillary overgrowth and necrotic areas.
Taking into account that the efficacy of the combination therapy D-002 + OMP in esophagitis induced by the DER is based on histological score reduction it represents an additional benefit on the esophageal tissue protection with respect to their monotherapies. Therefore, these results suggest that the combination therapy by reducing the degree and severity of esophageal tissue damage could prevent the development towards chronicity of intrinsic inflammatory esophagitis. Recent results demonstrated that repeated doses of D-002 ameliorated the histological changes in rats with DER-induced esophagitis, those are in alignment to ours reports [31] .
The severity of an esophageal ulcer has been correlated with the overproduction of free radicals. Oxidative stress (OS) is caused when production of reactive oxidative species (ROS) exceeds the potential of cellular antioxidant defenses to detoxify these toxicants [36] . And then, esophageal ulcer by the continuous and chronic reflux progresses gradually and can deteriorate until esophageal stricture or Barret's esophagus. Ultimately, it may contribute to the development of esophageal cancer [37] . OS can be determined by measuring the levels of malondialdehyde (MDA), which is a lipid peroxide generated by the reaction among oxygen free radicals [38] .
Precedent studies have unfolded the role of free radicals in pathogenesis of GERD in experimental animals with concomitant increase in levels of malondialdehyde (MDA) [39] . MDA is a stable product of lipid peroxidation and is a sensitive and reactive marker of membrane damage. In the present study, we observed an increase in the esophageal MDA content that corroborates ROS participation after the esophagus-duodenal anastomosis in alignment with previous reports [40] . It would be apropos to mention that D-002 and its combination with OMP decreased lipid peroxidation as evidenced by the decrease in the MDA formation through the TBA assay. DER induction produced a marked damage on the lipid structures (tissue MDA contents) in animals submitted to duodenal reflux, according to observed in previous studies [41] .
The increase in MDA levels, as an indicator of oxidative damage to lipids, has been evidenced in different experimental models of chronic esophagitis [29, 42, 43] , results that are in correspondence with those demonstrated in our study. Therefore, duodenal reflux may act as a co-carcinogen in esophageal squamous cell pathogenesis in rats, which may be mediated by oxidative stress [44] .
Oral administration of D-002 (200 mg/kg), OMP (20 mg/kg) and the combination therapy D-002 + OMP decreased tissue MDA concentrations, without differences between the combined therapy and monotherapies in correspondence with previous studies [30] .
Recently it was demonstrated that DER induction promotes MDA concentration increase in esophagus tissue, accompanied by a reduction in the superoxide dismutase (SOD), catalase (CAT) and glutathione peroxide (GPx) activities as well as glutathione (GSH) levels, while that the antioxidant activity of D-002 and OMP that support their esophagus protective effect involves a stimulation of these enzymatic activities and an GSH levels increase [36, 45] .
Previous evidence shows that D-002 has been effective in protecting against acute and chronic GER-induced esophagitis and chronic DER (14 days), even in combination with OMP, as was demonstrated in these results [28] [29] [30] [31] . However, we must emphasize that protective activity of D002, shown in the present study, was not sufficient to inhibit esophageal damage induced by DGER, where the damage is potentially greater given the presence of acid and bile reflux (mixed) [30] . It was reported that the OMP, classical PPI, decreases some components of refluxed bile acids, which supports its efficacy in this experimental model [46] .
The results of this present study showed for the first time the esophago-protective efficacy of D-002 associated with a reduced level of MDA in esophageal tissue of rats with DER-induced esophagitis, suggesting later studies on the action of D-002 treatment and its combination with OMP on the enzymatic antioxidant systems in experimental duodenal esophagitis.
In conclusion, this study demonstrated that the oral administration with the combination therapy D-002 + OMP markedly and significantly reduced the histological score of damage in esophageal tissue with respect to the positive control, reaching 96% inhibition, an effect that was higher than that achieved with each of the monotherapies, representing an additional benefit in the protection of this tissue.
